and diuretic ( I 1, 12) rat kidneys has been studied using urea-14C as a tracer. Although not only medullary but also cortical renal tissue contains large amounts of urea CHOMETY, ( 17), complete equilibration of the tubular contents was demonstrated in these studies by the close agreement between urine-to-plasma ratios derived from isotope measurements and chemical analysis ( 10, 1 1 )* Furthermore, a micropuncture study of urea concentrations in tubular fluid using a chemical method, in mannitol diuresis (4), yielded proximal and distal urea TF/P ratios comparable to those obtained with urea-14C. The concentration of urea in cortical tissue water was shown to be much greater than the plasma concentration under different conditions ( 17). Cortical urea also exceeded considerably the urea concentration in proximal tubular fluid found in micropuncture studies with ureaJ4C (3, 10-l 2). These findings raised the possibility that cortical tissue water urea might not freely exchange with urea ill tubular fluid.
The present micropuncture experiments were carried out in order to compare, in the same animals, the intratubular and cortical tissue water concentrations of urea, both measured by chemical methods. Measurements were done in untreated and nondiuretic rats, as well as after raising the plasma urea concentration by infusion of exogenous urea.
METHODS
The experimental animals were male white Wistartype rats, of mixed stock, weighing 250-300 g. They were anesthetized with sodium pentobarbital (35 mg/kg iv or ip), supplemented by additional 5 mg/kg doses as needed. Nondiuretic rats had free access to food and water until the moment of anesthesia. In order to compensate for fluid losses during the subsequent procedures many animals were given 5 ml of isotonic saline by stomach tube prior to anesthesia. Urine flow in animals so treated was not significantly greater than in the nonhydrated animals.
In experiments on nondiuretic and nonurea-loaded rats inulin, as an indicator of water abstraction from tubular fluid and of glomerular filtration rate (GFR), was replaced by the synthetic polysaccharide polyfructosan (Inutest) which owing to its very high water solubility could be infused, in amounts suitable to yield plasma concentrations of 80-200 mg/lOO ml, in a very small volume of fluid (0.01 ml/rat per min). Polyfructosanl is a synthetic fructose polymer of rv 3,000 mol wt. Its renal clearance has been shown not to differ significantly from that of inulin in many different experimental conditions in rats ( 1, Z), in rabbits (22), in dogs (9), or in man (14, 15, 21) . Polyfructosan was given as an intravenous priming injection of I .5 ml/kg of a 20 % (w/v) solution, followed by infusion of 0.01 ml/rat per min of a 22 % solution.
In order to increase plasma urea concentrations, the animals received an intravenous priming injection of 1 ml/kg of a fresh 3.6 % (w/v) solution of urea in isotonic Ringer solution, simultaneously with a priming injection of inulin (3 ml/kg of a 10 % solution).
They were then infused with 0.05 ml/rat per min of a solution containing 2.4 % of urea + 5. The results from experiments in which mean blood pressure fell below 80 mm Hg were discarded.
One ureter and the urinary bladder were then cannulated by an abdominal approach. The closest similarity between urine flows from the two kidneys was obtained when the ureter of the nonpunctured kidney was cannulated and urine from the punctured kidney was obtained through the urinary bladder. This arrangement alleviated any possible traction of the ureter on the rim of the kidney cup.
For micropuncture the rats were placed on a heated table. One kidney, usually the left, was exposed through a flank incision and placed into a conventional small plastic cup for immobilization.
The kidney was always covered by liquid paraffin. HCl added afterward) in a small (0.7 ml) polyethylene tube. The tube was stoppered, kept for 60 min in a boiling-water bath, and then cooled at room temperature.
The extin ction was read in a Zeiss PMQ II spectrophotometer with the help of a microcuvet as described by Ullrich and Hampel ( 19). Calibration curves were obtained from standards treated in the same manner. The calibration curves for inulin and for polyfructosan were superposable. The constancy of inulin concentrations in the course of the freezing procedure was checked by aspirating samples of a standard inulin solution into micropuncture capillaries which were then frozen and analyzed after 72 hr simultaneously with, and in the same way as, micropuncture specimens. The inulin concentration found in 17 specimens of a 150 mg/lOO ml solution of inulin was 155,l * 3.9 mg/lOO ml. Inulin concentrations in plasma and in final urine were measured either by an adaptation of Harrison's procedure ( 8). M icropuncture sites were localized by injection of latex, maceration, and microdissection. The latex solution used in the majority of experiments was neoprene latex 601-A, as suggested by F. Morel.4 One part of the commercial solution was diluted with four parts of distil1ed water and centrifuged. A small volume of the supernatant material was injected through a somewhat larger puncture capillary (tip diam m 10 p). A very small drop of drawing ink was then injected on top of the latex to mark the puncture site. A drawing of the surface aspect was made to help in the identification of the puncture site at microdissection. At the end of the experiments, the kidneys were frozen at -20 C. For maceration the frozen kidneys were placed into a mixture of 50 % concentrated HCl and 50 % water and kept at 30 C for 90 min. The macerated renal tissue was then softened by keeping the kidney for l-2 hr at room temperature, or for 6-8 hr at 4 C, in distilled water. The tubular casts were then dissected free under the binocular dissecting microscope. A camera lucida drawing was made either in situ or after transfer of the cast into a drop of water on a cover slide. With the help of a wool thread the position of the puncture site within the nephron was determined. The glomerulus was con- The values for GFR in both groups were within the range of values of GFR measured in this laboratory with inulin in different groups of rats anesthetized with pentobarbital (7).
Rate of Flow of Tubular Fluid
The times of appearance of and disappearance from proximal and distal tubular lumina of the lissamine green injected into the jugular vein are shown in Table 2 . Since there was some scatter in the appearance as well as in the disappearance of proximal and of distal tubules, data are given for the first and the last tubules of each type to be filled with or emptied of lissamine green. These data cannot be directly compared to those of Gertz et al. (6) with an increased plasma urea concentration are shown in Fig. 1 ; values from distal puncture sites are given in Fig. 2 . Fractional water reabsorption computed as P/TF values of inulin or polyfructosan in early and late proximal and distal tubules is compared to that of ureteral urine in Table 3 . Water reabsorption did not appear to differ in both groups down to the first part of the distal tubules where equal P/TF values were found. Thus, the larger urine flow in the urea-infused animals Furthermore, the TF/P values at a plasma urea concentration of approximately 12 mM in infused rats did not differ significantly from those at the plasma concentration of approximately 6 mM:. The mean value of proximal tubular TF/P,,,, in 5 1 specimens of fluid, comprising those depicted in Fig. 3 and a number of unlocalized specimens identified as proximal by inulin TF/P ratios < 3.0, was 1.5 & 0.1. A similarly compounded mean value for 99 specimens of distal tubular fluid was 4.9 & 0+4. The mean early distal tubular TF/P value for urea in the present experiments was somewhat lower than the value obtained with radioactive urea by Lassiter et al. ( 10) (Fig. 4, Table 4 ). fraction of filtered urea remaining in tubular Auid at the end of the accessible proximal convolution in the present experiments was 0.72, early distal values above this limit (shown by a dashed line in Fig. 4 ) are equally evidence for the addition of urea to tubular fluid. Such values were found in 8 of 23 localized specimens from the first half of distal tubules and in 24 out of 86 micropuncture specimens identified either by localization or by inulin TF/P values between 5 and 11 (Fig. 5) . Thus, there is evidence for the addition of urea to tubular fluid in a little more than a fourth of specimens obtained from the first half of the distal tubule. This fraction did not differ between unloaded and loaded animals and so did not appear to be influenced by blood urea concentration. Early distal tubular samples with high. and low values of (TF/P,,,,)/( TF/'Pi,,lin) were sometimes obtained from the same rats. Jn 23 rats in which 2-5 distal tubular samples were obtained, high ( > 0.72) and low ( <0.72) values were observed 8 times in the same animal; 13 times all early distal tubular samples from one animal had low values and in two animals all early distal tubular samples had high (TF/Purea)/( TF/Pi,,li,) values. Furthermore, large and small fractions of filtered urea were sometimes found in different early distal tubules of the same rat.
Papillary tissue ~~aier. As previously found in dehydrated rats ( 17), the concentration of urea in papillary tissue water was consistently smaller than in final urine and, therefore, presumably than in late collecting duct fluid. As shown in Table 5 Table 6 . The urea concentration in cortical tissue water was always higher, and usually much higher, than in proximal tubular fluid from any site within the proximal tubules in the unloaded rats, and also in six out of seven rats infused with urea. As shown by the data in Table 7 , which include some specimens of Auid from sites not localized by microdissection, the mean ratio of cortical to proximal tubular fluid urea concentration was approximately 2*5, and did not differ significantly between unloaded or urea-infused rats. Cortical tissue water urea concentration, in 12 out of 18 cases, was larger than the urea concentration in distal tubular fluid from any site localized by microdissection in unloaded rats (Table  6 ), and in 6 cases, smaller. In rats infused with urea, the cortical urea concentration was larger than that in distal tubular fluid in four out of seven simultaneous measurements, and smaller in three (Tables  5 and 6 ). The mean ratio of cortical tissue water urea to distal tubular fluid urea was (just) significantly higher than 1 .O in unloaded rats, but did not differ significantly from 1 *O in the animals infused with urea (Table  7 ).
DISCUSS1ON huh and Pulyfructosan
As mentioned in METHODS, the clearance of polyfructosan has been shown to equal the clearance of inulin under a host of experimental conditions in different species of mammals ( 1, 2, 9, 14, 15, 21, 22) . It therefore appears improbable that the higher value of GFR measured in our unloaded rats when compared to the urealoaded animals was due to a difference in the renal clearance rates of inulin and polyfructosan.
It probably represents an actual difference in GFR. With a similar over-all clearance, there is no reason to assume that the behavior of polyfructosan in tubular fluid might differ from that of inulin. This conclusion is supported by the similarity of the distal tubular TF/P ratios for polyfructosan in the unloaded nondiuretic rats of the present experiments and for inulin in the rats infused with urea. The distal TF/P ratios observed were practically superposable on those found in nondiuretic (control) rats by Malnic et al. ( 13) -l 2) . It could be related to the higher rate of urine flow, and to the higher C,,,,, in the present experiments since no measurable addition of urea to tubular fluid during its course through Henle's loop has been observed in rats in saline diuresis ( 1 l), or in mannitol diuresis (4), in which C,,,. was also higher than in Lassiter's nondiuretic rats ( 10). Addition or nonaddition of urea to fluid in Henle's loops or early distal tubules in the present experiments, however, was not correlated with either urine flow or the clearance of urea. Furthermore, Iarge and small fractions of filtered urea were sometimes found in different early distal tubules of the same rat. If it does occur in Henle's loops, the entrance or nonentrance of Table 5 , thus, do not exclude recirculation of urea from collecting ducts through the medullary interstitium to a fraction of Henle's loops, though an increase in the urea content of tubular fluid from 70 to 90 % of the filtered load of urea in one-fourth of the total nephron population, in the steady state, would necessitate a loss of urea from collecting ducts corresponding to at least 5 % of the filtered load of urea. On the other hand, the end-distal nonreabsorbed fraction of urea may be underestimated in the present experiments by inadvertent reaspiration of fluid from the collecting ducts, which cannot always be avoided in the late distal tubule ( 11). On the other hand, there is no reason to assume that aspiration of collecting duct fluid occurred more frequently in the present than in the series of Lassiter et al. ( lo) , in which, furthermore, the amount of urea excreted in the urine was exceptionally low (C,,,,/GFR = 0.13).
It is not readily apparent why the papillary tissue water urea concentration in the present experiments in pentobarbital-anesthetized rats was smaller than in experiments in unanesthetized animals (17). As noted previously in nondiuretic rats by the present and other investigators ( 12, 17) , the urea concentrations in papillary tissue water never exceeded those in final urine in the nondiuretic state. Thus, there is no evidence for an active transport of urea out of the collecting ducts, or for sequestration of urea in medullary tissue, as has been demonstrated in protein-depleted animals (4, 12, 20) . An increase in the urea concentration in final urine as a result of the infusion of urea was followed by an increase of the urea concentrations in papillary tissue within the equilibration period of the present experinrents.
Cortical Tissue
The present data confirm our previous conclusion ( 17), that urea concentrations in tissue water of the surface layer of cortical tissue consistently exceed considerably those in proximal tubular fluid. In nondiuretic rats, they also exceed very often (and significantly) those in distal tubular fluid. The cortical tissue water urea concentra- 
